The SUPERFAMILY database contains a library of hidden Markov models representing all proteins of known structure. The database is based on the SCOP 'superfamily' level of protein domain classification which groups together the most distantly related proteins which have a common evolutionary ancestor. There is a public server at http://supfam.org which provides three services: sequence searching, multiple alignments to sequences of known structure, and structural assignments to all complete genomes. Given an amino acid or nucleotide query sequence the server will return the domain architecture and SCOP classification. The server produces alignments of the query sequences with sequences of known structure, and includes multiple alignments of genome and PDB sequences. The structural assignments are carried out on all complete genomes (currently 59) covering approximately half of the soluble protein domains. The assignments, superfamily breakdown and statistics on them are available from the server. The database is currently used by this group and others for genome annotation, structural genomics, gene prediction and domain-based genomic studies.
INTRODUCTION
The SUPERFAMILY database is based on the SCOP (1) classification of protein domains. SCOP is a structural domainbased heirarchical classification with several levels including the 'superfamily' level. Proteins grouped together at the superfamily level are defined as having structural, functional and sequence evidence for a common evolutionary ancestor. It is at this level, as the name suggests, that SUPERFAMILY operates because it is the level with the most distantly related protein domains. The level below is the 'family' level which groups more closely related domains, and the level above is the 'fold' *To whom correspondence should be addressed. Tel: +44 1223 402479; Fax: +44 1223 213556; Email: jgough@mrc-lmb.cam.ac.uk Figure 1 . An example of the result of a sequence query. The protein (sp|P2931|EPA2_HUMAN) is a multi-domain protein with five structural domains predicted with confidence, and shown in grey, three non-significant predictions. Each domain covers a different region of the query sequence and may be classified in a different SCOP superfamily with a different score. The 'Align' button links to a sequence alignment, and the 'Assign.' button links to all genome assignments for the given superfamily. level which groups domains with similar topology which are not necessarily related.
The database uses hidden Markov models (HMMs) which are profiles based on multiple sequence alignments designed to represent a protein family (or superfamily) which can be used to search sequence databases for homologues. The SAM-T99 HMM software (2) is one of the best methods for the detection of remote protein homologues. The SAM software was used to build a library of models (3) representing all proteins of known structure, which forms the core of the SUPERFAMILY database. These models have added value by expert curation and tuning designed to detect and classify SCOP domains at the superfamily level.
There are existing databases which use HMMs representing protein domains such as Pfam (4), SMART (5) and others. There are also unifying databases which have several of these methods included, e.g. InterPro (6) and CDD (http://www.ncbi.nlm.nih.gov/ Structure/cdd/cdd.shtml). There are two main differences to SUPERFAMILY: these other databases span all proteins whereas SUPERFAMILY only covers those with a known structural representative, and they also group domains into families based on sequence similarity alone leading to a level of classification more similar to the family than the superfamily level. Structural assignments have been carried out using PSI-BLAST (7) based on the CATH (8) database but are much less extensive (http://www.biochem.ucl.ac.uk/bsm/cath_new/Gene3D).
DATABASE CONTENTS
The database may be accessed directly via a public server at http://stash.mrc-lmb.cam.ac.uk/SUPERFAMILY or via a link from each domain entry in SCOP at http://scop.mrc-lmb.cam.ac.uk/scop. There are also links from some genome databases, for example, Ensembl at http://www.ensembl.org. The underlying machinery of the database consists of a library of HMMs, a relational database and some programs. All of these are also available for download.
Structural assignments to sequences
The HMM library representing all proteins of known structure may be used to assign structural domains to sequences of unknown structure. An amino acid or nucleotide sequence may be queried against the library, and then the domain architecture and SCOP classification is returned (Fig. 1) . The procedure has been optimised for remote homology detection retaining an estimated error rate of <1%. Three-dimensional models can be generated and these have been used to compare the method to other automatic structure prediction servers at LiveBench (http://bioinfo.pl). The server's specificity is one of the best, especially for hard targets. Nucleotide searches are carried out by translating sequences into the six reading frames and splitting across stop codons. Thus, the resulting structural assignments do not require any prior gene prediction and can be used to locate possible genes from raw DNA (Fig. 2) . This does not provide gene prediction on its own, but is useful if no gene prediction is available and may suggest possible coding regions which gene prediction algorithms may not have identified.
Multiple sequence alignments
The models are used to generate multiple sequence alignments to sequences of known structure. A sequence with structural domains assigned (as above) can be aligned to a known sequence of the structural domain in question. On the public server there is a link to the alignment from the result page from a sequence query (Fig. 1) . The server contains all PDB sequences and all complete genome sequences, which can be added to obtain a multiple alignment; users can also upload their own sequences for addition to the multiple alignment.
In the absence of a sequence query, the multiple alignments can be reached via links from SCOP or a keyword search on the server.
Genome assignments
The SUPERFAMILY procedure has been used to carry out structural assignments to all complete genomes (Tables 1 and  2 ). The assignments cover ∼35% of eukaryote and 45% of prokaryote sequence, which is estimated as half of the soluble protein domains. This coverage is expected to increase as structural genomics projects solve more novel structures, giving a more complete structural picture of the genomes.
The SCOP classification of the structural domains in genomes provides a framework for comparing superfamilies within and across genomes. The public server provides statistics, and the breakdown of the genomes into superfamilies of different sizes. Within each superfamily of a given genome the individual genes may be displayed, with links to their domain architecture and sequence alignments.
A growing number of genome assignments are served via a distributed annotation system (DAS) server at http:// supfam.org:8080/das allowing people to view the annotation from different sources in a single browser. To use this service a DAS client is required which can be obtained from http:// www.biodas.org.
Table 1. Continued
For each genome the table shows in order: the name of the species of the genome; a two-character code (A); the domain, where 'E' is for eukaryota, 'A' is for archea and 'B' is for bacteria (B); the number of genes comprising the genome (C); the number of genes which have at least one SCOP domain assigned (D); the percentage of genes with at least one domain assigned (E); the percentage of the actual sequence covered by SCOP domains because multi-domain genes may have some domains assigned but not others (F); the total number of domains assigned (G); the total number (out of a possible 859) of superfamilies represented by at least one domain in the genome (H). 
APPLICATIONS
The most straightforward application is a simple sequence search, of which the public server currently (pre-publication) receives over 1000 per month. Many larger sets of sequences have been run as special requests for specific studies; the database is used on several structural genomics projects' targets (e.g. SPiNE at http://spine.mbb.yale.edu/spine). Although the assignments to nucleotide sequence do not provide complete gene predictions, they can be used as information contributing to a gene prediction. Current work is generating the data for the human genome for this purpose.
The genome assignments provide annotation of the genes, much of which is novel. This information is not just accessed by users of the database but is also used by several genome projects (including all completed large eukaryotes) to aid their annotation efforts, or verbatim as annotation in its own right.
The SUPERFAMILY data provides a framework which already forms the basis of several ongoing genomic studies (9, 10) . The data is also used by the HIGH database (http:// genomesapiens.org) of immunoglobulin genes in human. 
